Sub-Saharan Africa is currently in the midst of an unprecedented wave of urbanization that is expected to have wide-ranging implications for food and nutrition security. Though this spatial transformation of the population is increasingly put forward as one of the main drivers of changes in food consumption patterns, empirical evidence remains scarce and the comparative descriptive design of existing research is prone to selection bias as urban residence is far from random. Based upon unique longitudinal data from the Tanzania National Panel Survey, this study will be the first to assess the impact of urbanization on food consumption through comparing individuals' food consumption patterns before and after they have migrated from rural to urban areas. We find that even after controlling for individual fixed heterogeneity, baseline observable characteristics and initial household fixed effects, urbanization is significantly associated with important changes in dietary patterns, including a shift away from traditional staples towards more high-sugar, processed and ready-to-eat foods. These findings combined with the fact that we find no support for the hypothesis that urbanization is associated with more diverse diets, again raise concerns about the nutritional quality of diets in an urbanizing world and call for focused policy action in urban areas.
Introduction
Sub-Saharan Africa is currently in the midst of an unprecedented urbanization wave. The region is rapidly shifting from a population dispersed across small rural settlements dominated by agriculture towards one that is concentrated in larger, dense urban settlements characterised by industrial and service activities. Though at present still the least urbanized region in the world, at more than 4 % per year Sub-Sahara Africa is experiencing the strongest urban population growth such that 55 % of its inhabitants are projected to be living in urban areas by 2050 (UN, 2015) .
This spatial transformation is widely believed to be one of the driving forces behind the "nutrition transition", giving rise to and accelerating profound shifts in diets, physical activity and the prevalence of the double burden of malnutrition. More specifically, it is hypothesized that though many urban population are still faced with food insecurity, subpopulations suffer from dietary excess and obesity as a consequence of the transition towards diets high in sugar, fats and refined foods, but low in fibre (e.g. Popkin, 1999; 2001; Popkin and Gordon-Larsen, 2004) .
Though a substantial literature discusses the impact of urbanization on food consumption, sound empirical evidence remains scarce. To date, the majority of existing research is based on comparative descriptive analysis. This approach has serious limitations, as urban residence is unlikely to be the sole difference between urban and rural population groups. As such, it remains unclear whether the identified differences in food consumption patterns can be attributed to a unique urban residence effect, or whether they merely reflect other socioeconomic disparities between urban and rural residents. In addition, little is understood about the pathways through which urbanization affects food consumption. While some authors put forward potential reasons as to why rural and urban food consumption may differ, the validity of these claims has not been tested.
This paper aims to improve our understanding of the impact of this rural-urban transition from a microlevel perspective. More specifically, we seek to address the issue of selection bias by going beyond simple comparisons of rural and urban residents and elaborating an innovative identification strategy focussing on rural-urban migrants. Based upon unique longitudinal survey data from Tanzania, this study will be the first to investigate the impact of urbanization on food consumption through the comparison of individuals' dietary patterns before and after they relocate from rural to urban areas. This specification allows us to control for individual fixed heterogeneity and initial household fixed effects. In addition, we will be the first to empirically assess the role of several pathways in explaining the changes in food consumption associated with urbanization.
The remainder of this paper is organized as follows. The first section briefly reviews the available empirical evidence on the effect of urbanization on food consumption. Next, we discuss the food environment in Tanzania and the country's relevance as a case study for this particular topic. The methodology will be set out in Section 3. Finally, the data and results are discussed in Section 4 and Section 5 concludes.
Urbanization and food consumption: Revisiting the literature
Urbanization interacts with several key determinants of food consumption. The shift away from agriculture for example implies that more people are employed in sectors with lower energy requirements (Popkin 1998; 1999; 2001) . Another common assumption is that urbanization raises opportunity costs of time through improved (female) labour market opportunities, thus inducing greater preference for foods with shorter preparation time (Huang and Bouis, 2001; Regmi and Dyck, 2001) .
Others have pointed to the associated income growth (Stage et al., 2010; Regmi and Dyck, 2001) . Urban areas are also characterized by markedly different food environments, which influences the availability and affordability of food. For instance, the ongoing expansion of supermarket and fast food chains in the developing world is still mainly concentrated in urban areas (Hawkes et al., 2009) . Another line of thought focuses on the socio-cultural food environment and changes in preferences and habits that arise as a consequence of exposure to more global eating patterns in urban areas (Huang and Bouis, 2001; Regmi and Dyck, 2001) or of improved access to formal or informal nutrition knowledge.
A substantial literature attempts to estimate the impact on food consumption. Cross-country studies demonstrate that higher urbanization rates are associated with increasing consumption of animal source foods (Rae, 1998 , Delgado, 2003 and sweeteners and fats (Drenowski and Popkin, 1997; Popkin, 1999; Popkin and Nielsen, 2003) . Time series analysis then again shows that urbanization significantly affected cereal consumption patterns in Burkina Faso, Mali (Delgado, 1989) and Asia (Huang and David, 1993) .
As mentioned above, the majority of existing research is based on comparative descriptive analysis. Studies comparing rural and urban diets in Asia point to elevated levels of meat consumption (Huang and Bouis, 1996; Popkin, 1999; Regmi and Dyck, 2001; Huang and Bouis, 2001; Popkin and Du, 2003; Ma et al., 2004; Zhai et al., 2009) , lower grain or rice consumption (Huang and Bouis, 1996; 2001; Popkin and Du, 2003; Zhai et al., 2009 ) and increased likelihood of eating meals away from home (Zheng and Henneberry, 2009 ) in urban areas. Other differences include that urban diets are more diverse (Popkin and Du, 2003) and contain more fats and refined carbohydrates (Shetty, 2002; Popkin and Du, 2003; Mendez and Popkin, 2004) . The latter is confirmed for Latin American (Arimond and Ruel, 2004; Willaarts et al., 2013) and Sub-Saharan African countries (De Nigris, 1997; Bourne et al., 2002; Abdulai and Aubert, 2004; Smith et al., 2006) , where urban diets tend to be less dominated by traditional staples (De Nigris, 1997; Maxwell et al., 2000; Hassen et al., 2016) . Multiple studies also indicate increased consumption of processed cereal products including bread (Maxwell et al., 2000; Hassen et al., 2016) and growing reliance on street foods (Maxwell et al., 2000; Maruapula et al., 2011) .
Several authors however, discuss the limitations of this approach. Popkin (1999) for example argues that these descriptive studies contribute little to our understanding of the causes for these differences.
In particular, there is no clear sense if these can be attributed to a unique urban residence effect or just reflect differences in socioeconomic factors. In addition, we have no knowledge about the timing of these effects. Finally, Huang and Bouis (2001:62) conclude that "an ideal data set for measuring structural shifts in food demand patterns records foods consumed before and after a large number of families migrated from rural to urban areas". Witcher et al. (1988) adopt a somewhat similar approach to study the effect of rural-urban migration in Ecuador. During an interview, women were asked to report the frequency of consumption of different food items before and after migrating. The lack of actual panel data however, raises concerns about recall bias. To the best of our knowledge, this study will be the first to employ a panel data approach to assess changes in food consumption after migrating from rural to urban areas. The survey includes a one-week diet recall questionnaire at household level reporting food consumption of 59 different items deriving from purchases, own production or other sources in grams, litres or pieces.
Data and identification strategy
In addition, each individual reported the monetary value of their consumption of food and beverages outside the home. In order to quantify food consumption all these units were converted to grams and kilocalories, based on the detailed local conversion factors (Deweerdt et al., 2014) .
The final sample consists of a balanced panel of 13,849 individuals for which information on food consumption was plausible 2 . These individuals belonged to 1,869 rural and 1,022 urban households in the baseline. In 2012/13, after several household had split and some individuals had migrated, this corresponded to 4,223 households. As can be derived from An important caveat in this type of research is that there is no consensus about how to define or measure the concepts of rurality and urbanicity (Waldorf, 2006) . Our main analysis will be based upon the classification that accompanies the TNPS taken from the 2002 Population and Household Census, which applied the definition of the National Bureau of Statistics 3 . We however, accommodate concerns about the stale dichotomy between rural and urban development communities and the growing recognition that that the distinction between secondary cities and large cities is a central one for analysis and for policy (Christiaensen et al., 2013) by distinguishing DSM from other urban areas. The former capital clearly stands out in terms of population -4.36 million, accounting for 10 % of the total Tanzania Mainland population according to the 2012 census -and is characterized by a markedly different food (retail) environment (cfr. supra). 3 According to this definition all regional and district headquarters, regardless of their size or population density; all areas that lie outside the boundaries of these headquarters but possess urban characteristics; and all areas that are not adjacent to any other urban area but still possess urban characteristics are considered to be "urban". Areas are classified as rural or urban by the Region Census Committees based on mostly qualitative criteria (Muzzini and Lindeboom, 2008).
Identification strategy
As mentioned above, the simple comparison of food consumption patterns in rural and urban areas is unlikely to capture the true impact of urbanization as location is far from random, which raises concerns about selection bias. Perhaps the most promising approach to study the impact of urbanization on food consumption is to compare individuals' dietary patterns before and after they migrated from rural to urban areas.
In line with Beegle et al. (2011), we employ a difference-in-difference estimator, comparing changes in food consumption of those who stayed in their baseline rural community with those who moved to other rural areas or urban areas. This specification controls for individual fixed heterogeneity, thus resolving a large number of possible sources of endogeneity, which are likely to affect both migration and food consumption.
It is important to note however, that in the absence of experimental data, heterogeneity affecting both food consumption and the process of migration remains a key concern. These data offer excellent opportunities to control for a wide set of factors in this respect. First, we can control for a set of individual characteristics that may affect food consumption and possibly migration. In addition, we can control for initial household fixed effects since we observe households in which some individuals migrate and others do not. This controls for observable and unobservable factors fixed to the family.
In sum, the regression model looks as follows:
Where ! ",# ,# represents the change in food consumption for individual i between period t+1 and t. $ ",# %&'() , $ ",# *+,.,"#. and $ ",# -*.. are dummy variables equal to one when individual i stayed in the baseline rural community, migrated to a different rural area, secondary city or DSM respectively by period t+1. The term / ",# represents a vector of individual level characteristics that that may affect both food consumption and the process of migration; age, sex, relation to the household head, education and marital status in the baseline period 4 . Finally, 0 ",1 stands for the initial household fixed effects and 2 ",# represents the error term.
Since we include data from all individuals living in rural areas at baseline, those who did not migrate and remained in their original rural community serve as a control group. Our main analysis is therefore based upon the comparison of individuals who relocated from rural areas with those who remained in their original rural communities, thus focussing on the 9,368 individuals 5 represented in the first row of Table  1 . The impact of urbanization should be reflected in the coefficients of the dummies for migration to urban areas. In addition, we formally assess whether the urban destination rather than migration in general matters by testing whether the coefficients for relocation to secondary cities and DSM are significantly different from those for rural-rural migration.
Data and results

Food consumption
For this part of the analysis, we focus on the consumption of 12 food categories 6 , of which 3 are further subdivided per product type, expressed in kilocalories per capita per day 7 . Figure 1 depicts the mean change in total food intake between 2008/09 and 2012/13 across individuals who stayed in their original rural community and those who moved elsewhere. On average total food consumption has decreased. This could to some extent be explained by the sharply rising food prices during this 5-year period. Contrary to prior findings (e.g. Abdulai and Aubert, 2004; Hassen et al., 2016) , these data seem to suggest that urbanization has a positive impact on total energy intake. The decline in total energy intake is smaller for migrants to secondary cities and those who moved to DSM even experienced a slight increase. It line with the hypothesis that urbanization has a greater impact on the composition rather than the level of food consumption (Regmi and Dyck, 2001) , we aim to further disentangle changes in dietary patterns associated with rural-urban migration by focusing on mean changes in the consumption of different food (sub) groups. Figure 2 , demonstrates that while increasing for those who moved to DSM, the consumption of cereals decreased over time for non-migrants and for migrants to other rural areas and secondary cities. Further disaggregation (see Figure 3 ) reveals large increases in the consumption of processed cereal products after moving to more urbanized areas. This is in line with findings from Ghana (Maxwell et al., 2000) and could be related to the hypothesis that higher opportunity costs of time will induce urban consumers to prefer food products with shorter preparation times. Similar to previous studies documenting that urban diets in Sub-Saharan Africa are less dominated by traditional staples (De Nigris, 1997; Maxwell et al., 2000) , the descriptive statistics further suggest a shift away from cassava and maize in particular. Interestingly, the latter appears to be particularly pronounced for migrants to secondary cities. 6 For the categorization of food items into groups, we largely followed the structure of the survey (see Appendix A). To limit the size of the tables, we further aggregated "fruits" with "vegetables"; "pulses" with "nuts and seeds" and "meat, fish and eggs" with "milk". 7 Considering food consumption per adult equivalent rather than per capita does not alter our findings (see Appendix B, Tables  B1-B3 ). Figure 2 , demonstrates that while increasing for those who moved to DSM, the consumption of cereals decreased over time for non-migrants and for migrants to other rural areas and secondary cities. Further disaggregation (see Figure 3 ) reveals large increases in the consumption of processed cereal products after moving to more urbanized areas. This is in line with findings from Ghana (Maxwell et al., 2000) and could be related to the hypothesis that higher opportunity costs of time will induce urban consumers to prefer food products with shorter preparation times. Similar to previous studies documenting that urban diets in Sub-Saharan Africa are less dominated by traditional staples (De Nigris, 1997; Maxwell et al., 2000) , the descriptive statistics further suggest a shift away from cassava and maize in particular. Interestingly, the latter appears to be particularly pronounced for migrants to secondary cities.
Descriptive analysis
Another notable difference appears for meals and snacks consumed outside the home. Though there was a general rising trend over time, this increase appears to be much greater for people who moved to more urbanized areas and DSM in particular. On average, the latter consumed an additional 192 kcal. worth of meals and snacks outside the home, compared to a modest increase of 33 kcal. for individuals who remained in their original rural communities.
In keeping with earlier findings (McIntyre, 2002; Abdulai and Aubert, 2004) these data show support for concerns about the health implications of urban diets (Popkin, 1999; 2004; 2012) . Compared to those who relocated to DSM, the decline in daily intake of oils and fats was over three times greater for individuals who remained in their baseline rural communities. Likewise, though declining for individuals that stayed, the consumption of sugar and sweets increased for those who moved to the former capital.
In addition, there appears to be a much larger increase in the consumption of high-sugar processed cereal products such as buns, cakes and biscuits and sugary non-alcoholic beverages. In keeping with earlier findings (McIntyre, 2002; Abdulai and Aubert, 2004) these data show support for concerns about the health implications of urban diets (Popkin, 1999; 2004; 2012) . Compared to those who relocated to DSM, the decline in daily intake of oils and fats was over three times greater for individuals who remained in their baseline rural communities. Likewise, though declining for individuals that stayed, the consumption of sugar and sweets increased for those who moved to the former capital.
In addition, there appears to be a much larger increase in the consumption of high-sugar processed cereal products such as buns, cakes and biscuits and sugary non-alcoholic beverages.
Regression analysis
Next, we regress the difference in the consumption of the different food (sub) groups between 2008/2009 and 2012/2013 on dummy variables for migration from the baseline rural communities to different rural areas, secondary cities and DSM respectively. As mentioned above, those who did not migrate and remained in their original rural area serve as a control group.
The results of the regressions summarized in Table 2 largely confirm the trends identified in the descriptive analysis. We find a much stronger shift away from roots and tubers and cassava in particular (see Table 3 ) and towards meals and snacks consumed outside the home for migrants to secondary cities and DSM in that order. The coefficients for both dummies are highly significant and the F-test results further indicate that the impact of rural-urban migration is different from rural-rural migration, suggesting that the urban destination matters.
Compared to those who remained in their original rural communities, on average individuals who migrated to DSM experienced an additional increase of the consumption of meals and snacks consumed outside the household of 297 kcal. whereas the change over time in their intake of roots and tubers was 249 kcal. lower. Interestingly, contrary to the findings from the descriptive analysis, we also see a significantly negative effect of migration to DSM on the growth in the energy intake deriving from cereals. Delving deeper into the different types of cereals (see Table 3 ), we find that this mostly derives from a declining maize consumption after migrating to the former capital. While in the descriptive analysis it appeared that the drop in maize consumption was much more pronounced for those who moved to secondary cities, after controlling for initial household fixed effects only the coefficient for migration to DSM is highly significant and negative. In line with trends identified in the descriptive analysis and Delgado (1989), the regression results however, do confirm a stronger growth in the consumption of rice for those who moved to secondary cities. In addition, both types of rural-urban migration are significantly associated with a stronger growth in the consumption of processed cereal products over time.
Though the coefficient for migration to DSM is larger in terms of magnitude for most of the regressions, the results of the F-test indicate that with exception of the regression on the growth in consumption of sugar and sweets, the difference between the effect of relocation to secondary cities and DSM respectively is not statistically significant.
Finally, we note that these regression results partly confirm concerns about the health implications of the "nutrition transition" associated with urbanization. Compared to those who remained in their baseline rural communities or moved to other rural areas, rural-urban migrants experienced a stronger increase in the intake of high-sugar food items including processed cereal products and non-alcoholic beverages (see Table 3 ). In addition, the coefficient for migration to DSM is significantly positive in the regression on the change in the consumption of sugar and sweets over time (see Table 2 ). 
Diet diversity
A very straightforward way to measure diet diversity is to count the number of food items or groups consumed. As there is no consensus in the literature as to whether individual food products or broader food groups should be used while assessing diet diversity as a proxy for more nutritious diets (e.g. Torheim et al., 2004) , we report both. The count measure -although easy to interpret -has the disadvantage that it does not consider the distribution of food consumption. There are alternative measures that overcome this problem such as the Berry Index (Berry, 1971) , which has gained popularity in the literature (e.g., Thiele and Weiss, 2003; Drescher and Goddard, 2011; Hertzfeld et al., 2014) . The Berry Index is calculated using the following formula:
where 8 " is the share of the i th food item/group in total food consumption in kcal.
This index ranges from 0, in the case where food consumption is entirely based on one food item or group, to 1-1/n, when n food items or groups are consumed in equal proportions 8 . Figure 4 depicts the mean change in the count measures and the Berry Indices based on individual food items and broad food groups between 2008/09 and 2012/13 according to migration status. When focussing on the count of food items -the most commonly used measure of diversity in economic studies -our results confirm previous findings and suggest that individuals consume more diverse diets after migrating to urbanized areas, whereas there was virtually no change for non-migrants and those who moved to other rural areas. Interestingly, the increase in the number of food groups consumed is largest for migrants to secondary cities. Looking at the Berry Indices, we even find that the sharpest decline in diet diversity has occurred among migrants to DSM. To some extent, this decline can be explained by the increased reliance on foods consumed outside. As we are not able to distinguish between the different components of these meals, we could be underestimating diversity. When focussing only on foods consumed at home 9 however, we find a similar pattern. This could in theory be mitigated by the fact that meals and snacks consumed outside are more diverse. Information from food diaries (Deweerdt et al., 2014) however reveals that these meals consumed outside are mostly starch-based and thus unlikely to contribute positively to diet diversity.
Descriptive analysis
Regression analysis
When taking on the same approach as previous studies and thus simply comparing dietary diversity in rural and urban settings, we find that urban residence is associated with higher values for all four measures of dietary diversity (see Appendix B, Table B4 ). However, once we address the selection bias by controlling for individual fixed heterogeneity and initial household fixed effects, the results of our regression analysis indicate that -regardless of the measurement -people do not consume more diverse diets after relocating to urbanized areas. This contradicts previous findings on the relationship between urbanization and diet diversity (De Nigris, 1997; Bourne et al., 2002; Abdulai and Aubert, 2004; Smith et al., 2006) and seems to suggest that the observed difference in dietary diversity between rural and urban areas is largely driven by selection bias rather than urbanization. 9 Additional information can be obtained from the corresponding author upon request. 
Pathways
Next, we attempt to capture some of the pathways that could explain the impact of urbanization on food consumption. As mentioned above, the influence of urbanization on food consumption is commonly linked to changes in income (Regmi and Dyck, 2001) . Stage et al. (2010: 204) even hypothesize that "the difference between urban and rural households' patterns of food consumption is not caused by urbanization and cultural change but income differences".
Evidence from the Kagera region in Tanzania shows that internal migration and especially moving out of agriculture significantly contributed to consumption growth (Beegle et al., 2011) . Using the same data, Christiaensen et al. (2013) demonstrate that rural diversification and secondary city development leads to more inclusive growth patterns than metropolitization. To assess to what extent the observed changes in dietary patterns are driven by income growth we include the difference in the logarithm of per capita total household expenditures 10 over time (see Appendix D, Table D1 and D4).
In addition, given the importance of moving out of agriculture demonstrated in the abovementioned research (Beegle et al., 2011; Christiaensen et al., 2013) and the associated changes in energy requirements (Popkin, 1998; 1999; 2001) as well as the clear link between home food production and consumption, we include a dummy variable capturing the transition from a household headed by a farmer to a non-farming household (see Appendix D, Table D2 and D5) .
Finally, we consider the fact that migrating to urban areas could go hand in hand with important shifts in household composition 11 , which could in turn influence household's food choices. To this end we include the number of individuals ages 0 to 5, 6 to 15, 16 to 60 and above 61 years old respectively (see Appendix D, Table D3 and D6).
From the results of the regressions summarized in Table 5 and 6, we can derive that several of the changes in consumption patterns that were captured by the migration variables in the previous regressions, can to some extent be explained by changes in income, remoteness, economic activities and household composition. In particular, most of the effect on the increase in consumption of meals and snacks outside of the home after migrating to more urbanized areas appears to be explained by income growth. The coefficients for migration to secondary cities and DSM have been reduced dramatically in terms of magnitude and are no longer statistically significant.
The stronger growth in the consumption of high-sugar food items such as sugar and sweets, processed cereal products and non-alcoholic beverages -arguably luxury products -is clearly linked to changes in income as well (see Table 6 ). The coefficients for rural-urban migration and especially for relocation to DSM have declined in terms of magnitude as well as significance.
Interestingly, after controlling for changes in income and household composition, the shift away from several traditional staple food products after relocating to more urbanized areas becomes even more pronounced. The coefficient for moving to the former capital in the regression on the growth in the consumption of cereals, maize, cassava and cooking bananas has gained significance and magnitude.
Similarly, we now see a significantly negative effect of migration to DSM on the growth in the consumption of pulses 12 . This is particularly striking since it strongly refutes the claim that differences in urban and rural dietary patterns are merely a reflection of differing incomes.
We further note that whereas in the main regression it appeared that relocation to urban areas was not associated with a significant change in the growth of total food consumption, once income growth is accounted for the effect of moving to DSM is significantly negative. This could imply that though keeping all else equal individuals would adjust their energy intake towards the lower requirements for an urban lifestyle, in reality this is completely offset by increases in income.
The results also indicate that moving out of agriculture accounts for a considerable part of the negative impact of relocation to urban areas on the growth of the consumption of roots and tubers -cassava and cooking bananas in particular -as well as maize, all crops that are typically consumed from home production in rural areas.
We further note that an increase in the number of working-age household members and a decrease in the number of children, appear to be strongly associated with the consumption of cereals and maize in particular. After controlling for changes in household composition, the coefficients for migration to DSM has actually increased in terms of magnitude (see Appendix D, Table D3 ). This seems to suggest that to some extent, the negative effect of urbanization of the intake of cereals is off-set by changes in household composition after moving to urbanized areas. Finally, we note that though not significantly affected by rural-urban migration, income growth is associated with significant increases in diet diversity (see Appendix D, Table D7 ). This is in line with previous findings (Moon et al., 2002; Theil and Finke, 1983; Thiele and Weiss, 2003) and could explain to some extent why studies based on the comparison of rural and wealthier urban population groups find that people tend to consume more diverse diets in urban areas.
Robustness checks
To examine the robustness of our results, we first repeat our analysis for the share of the different food (sub) groups in total energy intake (see Appendix D, Table D1 -D2). The results demonstrate that except for the negative effect on the change in the consumption of cereals, all the previously identified trends in the growth of the level of food consumption are reflected in significant shifts in the evolution of the composition of diets over time.
Second, as mentioned above, an important caveat in this type research is the lack of consensus on a clear classification of rural and urban areas. We will therefore conduct two robustness checks in order to ascertain that out results are not driven by this particular categorization.
First, we repeat the analysis defining primary cities as locations with more than 500,000 inhabitants. According to the 2012 Census this holds for DSM and Mwanza. The results of the regressions summarized in Appendix B (Table 3 -6), demonstrate that our findings are not altered when adjusting the definition of primary cities.
In a next step, we move away from administrative boundaries and focus on local population density estimates instead. It can be argued that population density is a crucial gradient in delineating the ruralurban nexus as it can generate the agglomeration economies that are defining features or urban centres (Chomitz et al., 2005) . This seems particularly relevant in the case of Tanzania, since Muzzini and Lindeboom (2008) find that approximately 17% of the population in mainland Tanzania reside in high density settlements (>150 people/km²) that possess significantly different characteristics than rural areas but are not officially recognized as 'urban'. The authors continue to state that "failing to account for population density may significantly underestimate urbanization at least in half of the regions".
Our measure of population density is based upon WorldPop data 13 , which provides population density estimates per 100m². Following the DHS methodology 14 to preserve anonymity, approximate GPS coordinates are available for most of the sampled households in the TNPS. More specifically, the coordinate modification strategy relies on random offset of cluster centerpoint coordinates. In line with Gollin et al. (2015), we take this into account when linking the TNPS GPS data with the raster data from WorldPop by extracting the average population density within a 5km radius around the reported coordinates.
The results of the regressions including the logarithm of local population density as our main explanatory variable of interest (see Appendix D, Tables D76-D8), confirm that the previously established effects. In line with the results of our main analysis, we find that moving to a more densely populated area is associated with a significantly stronger growth in the consumption of meals and snacks outside the home, sugar and sweets, (sugary) processed cereal products and non-alcoholic beverages and a more pronounced decline in the energy intake deriving from traditional staple food items such as maize and roots and tubers. We again find no support for the hypothesis that urbanization, as captured by the concentration of the population in this case, is associated with significant improvements in dietary diversity.
5.
Conclusion
Although urbanization is increasingly put forward as one of the main determinants of changes in food consumption patterns in the developing world, our understanding of its effects on diets remains limited. Using unique panel data from the Tanzania National Panel Survey for the period between 2008/09 and 2012/13 this paper provides empirical evidence on the impact of rural-urban migration on the consumption of different food groups and diet diversity. Not only is this focus on rural-urban migrants novel in the literature, it also enables us to more accurately capture the effect of urbanization on food consumption as we are able to observe the same individual in a rural and urban setting. In addition, the panel nature of the data allows us to further improve the identification strategy by controlling for initial household fixed effects.
Overall, the evidence presented in this paper strongly suggests that urbanization is associated with important shifts in dietary patterns. Even after controlling for individual fixed heterogeneity, baseline observable characteristics and initial household fixed effects, we find that individuals who relocated to more urbanized areas experience a significantly larger increase in the consumption of processed and ready-to-eat foods. The analysis further indicates a general shift away from traditional staples such as pulses, maize and cassava, which is much more pronounced for those who moved to urban areas.
Moreover, the results mostly confirm concerns about the healthiness of urban diets. We find evidence of an association between urbanization and heightened consumption of sugar and high-sugar food items including buns, cakes, biscuits, sweets and sodas. In addition, contrary to previous findings (e.g. De Nigris, 1997; Smith et al., 2006) our results show that after controlling for initial household fixed effects urbanization is not associated with more diverse diets, nor do we find evidence of a positive impact on the consumption of healthier food groups such as fruits and vegetables or animal-source foods.
Whereas the declining consumption of roots and tubers for those who moved to urban areas appears to be linked to the transition out of agriculture, our results further indicate that a considerable part of the effect of rural-urban migration on dietary patterns can be explained by changes in income. In particular, the increasing importance of meals and snacks consumed outside the home, processed cereal products and non-alcoholic beverages appears to be largely attributable to income growth. It is important to note however, that even after controlling for income, the coefficients for rural-urban migration remain highly significant in several of the regressions. Moreover, in the case of traditional staple food items -maize, cassava, cooking bananas and pulses -it appears that the negative effect of moving to an urban area is in fact to some extent offset by rising incomes and the associated increases in consumption. Overall, these results thus clearly negate the claim made by Stage et al. (2010) that the difference between urban and rural households' patterns of food consumption is caused by income only.
These results clearly demonstrate that food demand analysis done without taking into consideration the underlying structural shifts resulting from urbanization can lead to misleading results and erroneous food demand forecasts. In addition, though a more detailed analysis of the nutritional value of diets is required, our findings again raise some concerns about the nutritional quality of diets in an urbanizing world and call for focused policy action in urban areas.
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